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DISTAL PROTECTION DEVICE 

BACKGROUND 

This application claims priority from U.S. provisional application serial no. 60/466,491, 
filed April 29, 2003, the entire contents of which are incorporated herein by reference. 
Technical Field 

This application relates to a vascular device and more particularly to a vascular device for 
capturing embolic material during surgical procedures. 
Background of Related Art 

During vascular surgical procedures such as stenting, angioplasty, thrombectomy, and 
atherectomy, embolic material such as plaque and blood clots can become dislodged. 
Dislodgement of such embolic material can cause the emboli to flow downstream to lodge in the 
vascular system, thereby occluding the flow of oxygenated blood to the brain or other vital 
organs. Such occlusion can compromise peripheral circulation resulting in amputation, or result 
in heart attack, stroke or even death. 

Techniques to cut the debris into smaller sizes, such as by use of lasers, have had 
significant drawbacks, such as the inability to ensure all the debris is cut into sufficiently small 
fragments. If some of the fragments remain too large, then occlusion of the vessels can occur 
causing the problems and risks enumerated above. 

Attempts have been made to place a device distal (downstream) of the stenosis, 
thrombus, etc. to capture the emboli. Such distal protection devices typically are collapsible for 
insertion and expandable once in the vessel. Some devices are in the form of an expandable 
balloon which is inserted within the vessel inside a sheath. When the sheath is withdrawn, the 
balloon is expanded to block emboli. These balloon devices even in the collapsed position 
increase the profile of the device since they are wrapped on the outside of the device. In other 
distal protection devices, a wire is covered by a membrane. These wires extend laterally from 
the device and may not enable the membrane to block the entire region of the vessel. Failure to 
expand to a geometry to block the entire region can result in the unwanted passage of debris 
which can cause vessel occlusion and the aforementioned adverse consequences. 

The need therefore exists for an improved distal protection device. Such device would 
have a reduced profile to facilitate insertion and to better enable placement of the device distal of 
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the emboli to block potential downstream flow. The device would also be easy to manipulate 
and sufficiently fill the vessel area to ensure all passage is blocked. The device would further be 
configured to avoid unwanted collapse during use. 

It would also be desirable to provide a distal protection device which meets the above 
criteria plus has the advantage of accommodating various sized blood vessels. There is a 
tradeoff between providing large expansion of a distal protection device to block large blood 
vessels while ensuring that such large expansion would not damage a small blood vessel. 
Therefore, it would be advantageous to provide a single device which can expand sufficiently to 
effectively block embolic material without damaging the vessel, thus avoiding having to use 
different devices to accommodate different vessel sizes. 
SUMMARY 

The present invention overcomes the problems and deficiencies of the prior art. The 
present invention provides a distal protection device comprising a catheter having a first strut 
movable from a collapsed configuration to an expanded configuration and a second strut axially 
spaced from the first strut and movable from a collapsed configuration to an expanded 
configuration. The first strut has a first dimension and the second strut has a second dimension 
larger than the first dimension. The first and second struts are separately deployable. Movement 
of the first strut deploys filtering material to a first position having a first deployed dimension 
and movement of the second strut to a first position deploys filtering material to a second 
deployed dimension larger than the first deployed dimension. 

In one embodiment, the same filtering material overlies both the first and second strut. In 
another embodiment, separate filtering materials overly the first strut and the second strut, but 
preferably the same type of material. In one embodiment, the material is a wire braid composed 
of a shape memory metal. 

In one embodiment, the first strut is positioned proximal of the second strut. In another 
embodiment, the first strut is positioned distal of the second strut. Preferably, the struts are 
formed from a laser cut tube. 

Preferably, the first and second struts are deployed laterally of the catheter and each form 
loops opening in a direction substantially aligned with blood flow such that the plane of the loop 
opening is substantially transverse to the direction of blood flow and substantially parallel to a 
transverse axis of the catheter. 
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The device may further comprise an actuating member slidably positioned within the 
catheter such that initial movement initially moves either the first strut or second strut from the 
collapsed position to the expanded configuration to form a loop. In a preferred embodiment, 
further movement of the actuating member moves the remaining collapsed strut to the expanded 
configuration to also form a loop. 

The present invention also provides a distal protection device comprising a tube having a 
plurality of cutouts forming at least one distal elongated strut and at least one proximal elongated 
strut. The struts are movable from a retracted (collapsed) to an expanded position. Filter 
material overlies at least a portion of the struts and an actuating member is operatively connected 
to a portion of the tube wherein movement of the actuating member moves the portion of the 
tube to thereby move the distal elongated strut and the proximal elongated strut to the expanded 
position. 

In a preferred embodiment, movement of the actuating member in a first direction retracts 
the portion of the tube to compress and thereby expand the elongated struts and movement of the 
actuating member in a reverse direction advances the portion of the tube to move the elongated 
strut to the retracted position. 

In one embodiment the distal elongated strut(s) has a length greater than a length of the 
proximal elongated strut(s) such that upon expansion the distal elongated strut expands to a 
transverse dimension greater than a transverse dimension of the proximal strut. In another 
embodiment, the distal elongated strut(s) has a length smaller than a length of the proximal 
elongated strut(s) such that upon expansion the distal elongated strut expands to a transverse 
dimension smaller than a transverse dimension of the proximal strut. 

In one embodiment, the filter material comprises a first material positioned over the distal 
elongated strut(s) and a separate material, preferably of the same composition (type), positioned 
over the proximal elongated strut(s). In another embodiment, the filter material overlies both the 
distal and proximal elongated struts. In one embodiment, the filter material comprises a wire 
braid composed of a shape memory material. In one embodiment, the filter material 
automatically moves back from an expanded position to a collapsed position upon movement of 
the at least one strut to the retracted position. 
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Preferably, the elongated struts form loops having a loop opening lying in a plane 
substantially transverse to a longitudinal axis of the tube and substantially parallel to a transverse 
axis of the tube. 

The present invention also provides a distal protection device comprising a catheter 
having a tube formed with cutouts therein to form a first set of elongated struts and a second set 
of elongated struts. The elongated struts are movable between a retracted (collapsed) position 
and an expanded position wherein the distance between the proximal end and distal end of the 
struts in the retracted position is a first distance and the distance between the proximal end and 
distal end of the struts in the expanded position is a second distance less than the first distance. 
In the expanded position, the struts form loops with an opening lying in a plane substantially 
parallel to a transverse axis of the catheter and substantially transverse to the direction of blood 
flow. Filter material is deployable by the loops of the struts. The first set of struts is separately 
movable from the second set of struts to the expanded position to enable selective actuation of 
the set of struts to accommodate different sized vessels. 

In one embodiment, the first set of elongated struts has a smaller buckling force than the 
second set of elongated struts such that upon actuation of an actuating member, the first set of 
elongated struts buckles fully to its expanded position and upon further actuation, the second set 
of elongated struts buckles fully to its expanded position. 

In one embodiment, the tube forms first and second collars, and an actuating member is 
connected to the second collar such that the actuating member retracts the second collar to 
compress and thereby expand the elongated struts, and the first collar further acts as a stop. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiment(s) of the present disclosure are described herein with reference to 
the drawings wherein: 

Figure 1 is a perspective view of a first embodiment of the distal protection device of the 
present invention in the collapsed position (the filtering material is removed for clarity); 

Figure 1 A is an exploded view of the device of Figure 1 (the filtering material is removed 
for clarity); 

Figure IB is an enlarged view of a distal portion of the device of Figure 1; 
Figure 2 is a transverse cross-sectional view taken along lines 2-2 of Figure 1 ; 
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Figure 3 is a transverse cross-sectional view taken along lines 3-3 of Figure 1; 
Figure 3 A is a longitudinal cross-sectional view of the device of Figure 1 in the collapsed 
position; 

Figure 3B is a longitudinal cross-sectional view of the device of Figure 1 showing the 
first set of struts and filtering material in an expanded position; 

Figure 4 is a perspective view of the distal portion of the distal protection device of 
Figure 1 showing the first set of struts and first capturing (filtering) element (material) partially 
expanded; 

Figure 5 is a view similar to Figure 4 showing the first set of struts and capturing element 
almost fully expanded; 

Figure 5 A is a front view of the device of Figure 5; 

Figure 6 is a view similar to Figure 4 showing the first set of struts and first capturing 
element fully expanded and the second set of struts and second capturing (filtering) element 
(material) partially expanded; 

Figure 7 is a view similar to Figure 4 showing the first and second sets of struts and first 
and second capturing elements fully expanded; 

Figure 8 is a view similar to Figure 7, (both sets of struts expanded) except showing an 
alternate embodiment having a single capturing (filtering) element (material); 

Figure 9 is a perspective view of the distal portion of the distal protection device showing 
an alternate embodiment wherein the smaller capturing element is positioned distal of the larger 
capturing element; 

Figure 10 is a view similar to Figure 9 showing an alternate embodiment having a single 
capturing element expandable by the first and second sets of struts; 

Figure 1 1 A is a view similar to Figure 7 showing an alternate embodiment of the 
capturing elements composed of a wire braid; 

Figure 1 IB is a perspective view of an alternate embodiment of the distal protection 
device having first and second sets of struts of different configuration, and shown in the 
collapsed configuration (the filtering material is removed for clarity); 

Figures 1 1C and 1 ID are transverse cross-sectional views taken along lines 1 1C and 1 ID, 
respectively, of Figure 1 IB; and 
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Figures 12 and 13 illustrate placement of the device of Figure 1, wherein Figure 12 shows 
the catheter advanced through the femoral to the carotid artery and Figure 13 shows the device 
deployed in the carotid artery to block distal flow of emboli. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring now in detail to the drawings where like reference numerals identify similar or 
like components throughout the several views, several different embodiments for capturing 
embolic material during surgical procedures are disclosed. In each of the embodiments, two 
filtering devices are provided, with each filtering device designed to block embolic material 
while maintaining blood flow therethrough. The filtering devices are deployable to different 
transverse dimensions to accommodate different size vessels as described in more detail below. 

Turning first to the embodiment illustrated in Figures 1-7, the distal protection device 10 
includes a catheter having an outer tube 1 1, an internal coupler 14, a distal tube 16, a first 
capturing element 50 and a second capturing element 60. The capturing (filtering) elements 50 
and 60 are movable between collapsed and expanded positions by struts 32, 34, respectively, 
formed in tube 16. As shown in Figures 3-7, first capturing element 50 is positioned proximally 
of second capturing element 60. As will be explained in further detail below, the capturing 
elements 50, 60 expand to different diameters to accommodate different sized vessels. The struts 
32, 34 are formed so that relative movement of portions of the tube 16 expands the struts 32, 34. 
That is, an actuating member such as a shaft or wire 22 is slidably positioned within outer tube 
1 1 and attached to a distal portion of tube 16. When actuating wire 22 is retracted, it moves a 
portion of the distal tube 16 proximally to expand the struts 32, 34, as explained in more detail 
below. Coupler 14 connects the tube 16 to the outer tube 1 1 . The proximal end of coupler 14 is 
bonded, glued or attached by other means inside the outer tube 1 1 . The distal tube 16 is slid over 
the coupler 14 and bonded or glued (or otherwise attached) thereto. 

Turning to the distal tube 16, the struts 32, 34 are preferably formed by elongated slots or 
cutouts 37, 38, respectively, in the tube 16 (see e.g. Figures 1 and 1 A). These slots 37, 38 are 
preferably formed by laser cutting the tube 16 although other ways to cut the slots are also 
contemplated. As formed, the slots 37, and therefore the struts 32, have a smaller length than the 
length of the slots 38 and struts 34. In one embodiment, in the collapsed position, the length LI 
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of the struts 32 is about 10 mm and the length L2 of the struts 34 is about 20 mm. Other 
dimensions are also contemplated. 

The distal tube 16 is formed so that a first collar 40 is at the terminal end 33 of struts 32 
and a second collar 42 is at the terminal end 43 of struts 34 (see Figures 1 and 1 A). Thus, struts 
32 extend from proximal tube end 17 to first collar 40 and the second longer struts 34 extend 
from first collar 40 to second collar 42 at the end of tube 16. 

A radiopaque tip 27 is attached, e.g. by soldering, to the second or distal collar 42. This 
tip 27 guides the catheter and enables imaging of the catheter. 

Inner actuating shaft or wire 22 is positioned within the outer tube 1 1 and is connected at 
its distal end to the collar 42 of distal tube 16. The proximal end 17 of the tube 16 can be fixed 
to tube 1 1 and/or coupler 14. Thus, sliding movement of the actuating wire 22 slides the collars 
40, 42 proximally to compress the struts 32, 34. That is, upon proximal movement of the 
actuating wire 22 in the direction of the arrow of Figure 4, the collars 40, 42 move proximally, 
thus forcing struts 32 and 34 outwardly as shown in Figures 4-7. Initially, upon retraction of 
wire 22, struts 32 will buckle first as shown in Figure 5 since due to their reduced length the 
buckling force is less than the buckling force of the longer struts 34. The struts 32 will continue 
to buckle until the proximal surface 49 of collar 40 abuts the distal surface 15 of coupler 14. 
(See Figure 5 which shows almost complete expansion of the struts 32, the remaining expansion 
corresponding to the remaining distance between proximal surface 49 and distal surface 15). 
Thus, coupler 14 (or collar 40) acts as a stop. 

To further lower the buckling force, the shorter struts could be made thinner than the 
longer struts, such as shown for example in Figures 1 IB, 1 1C, and 1 ID, wherein struts 32" have 
a diameter less than the diameter or thickness of the longer struts 34" of device 1 0". 

The buckling forces can also be changed by modifying the resistance of movement of the 
respective collars. 

Referring to Figure 6, after struts 32 buckle, further proximal movement of actuating wire 
22 continues to move collar 42 as movement of collar 40 is stopped by abutment with coupler 
14. That is, since proximal movement of collar 40 at this point is stopped by abutment of collar 
40 with the surface 15 of inner coupler 14, further proximal movement will further retract only 
collar 42, causing longer struts 34 to buckle outwardly to their fully expanded position shown in 
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Figure 7. Thus, the reduction of the distance between the collars 40, 42 forces the struts to 
compress and extend radially outwardly as shown in Figure 7. 

The expansion movement of the struts 32, 34 causes the overlying filter material 50, 60 to 
be deployed, moving to an expanded position. As shown, the filter material 50, 60 can be a 
polymeric membrane, such as polyurethane or PET, which is expanded by the struts 32, 34. A 
mouth or opening 52, 62 (see Figures 4 and 6) is provided at the proximal end of the filter 
material The polymeric material would have small holes dimensioned for allowing blood flow 
while blocking embolic material. Thus, embolic material exceeding a certain size carried by the 
blood is captured with smaller particles flowing through the holes or pores in the membrane. 
Alternatively, as shown in Figure 1 1 A, the filter of device 1 10 can be a tightly wound metal 
braided material such as shape memory metal, e.g. Nitinol. Thus, braided filtering material 150 
overlies struts 132 and braided filtering material 160 overlies struts 134. The filtering material 
150, 160 can also include a mouth or opening. Actuating member 122 moves the collars 140, 
142 in the same manner as actuating member 22 of Figure 1 . 

Preferably, the filtering material will be selected so that after it is radially stretched to an 
expanded configuration to block and capture flow of embolic material, it automatically retracts 
once the struts 32, 34 are moved to their collapsed position, as described in more detail below. 
In one embodiment, such as shown in the embodiments of Figures 1-7, a first filter material 
overlies struts 32 and a separate second filter material overlies struts 34. The separate material is 
preferably of the same type of material, however alternately it could be composed of a different 
material. In an alternate embodiment, shown in Figure 8, rather than two separate filters, a single 
filtering material 64 is provided. One portion 65 of filter material 64 overlies struts 34 in its 
entirety while portion 63 overlies only a portion of struts 32, leaving an opening 67. Similarly, 
in the embodiment of the braided material, two separate elements can be provided as in Figure 
1 1 A or alternatively a single filtering element could be provided overlying both sets of struts. 

Referring back to the struts 32, 34, in the initial collapsed configuration, struts 32 and 34 
are aligned with the outer surface of the distal tube 16 (and collars 40, 42) which is aligned with 
outer tube 1 1 to enable smooth insertion into the vessel and keep the overall insertion profile at a 
minimum. Proximal struts 32, when moved from a collapsed (retracted) position to an extended 
(expanded) position, each form a looped configuration, the loops designated by reference 
numeral 38. Thus, the struts 32 are forced out laterally to bend into a loop 38 (see Figure 5). 
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End 47 A extends proximally and end 47B extends distally. The expanded loop 38 thus, has an 
opening 39 preferably lying in a plane substantially perpendicular to the longitudinal axis and 
substantially parallel to the transverse axis of the catheter. That is, the loop opening 39 lies in a 
plane substantially transverse to the direction of blood flow so the loop opening is substantially 
in line with the blood flow. In one embodiment, the loop opening plane can be at 90 degrees to 
the longitudinal axis. In another embodiment, it can be offset so it is at angle of less than 90 
degrees, but preferably greater than about 45 degrees. In such embodiment, each strut 32 
extends such that the loop opening 39 is slightly offset from the direction of the transverse axis 
of the catheter (and tube 16) but is still open generally in the direction of blood flow (for 
example, a 60 degree angle). Thus, in this embodiment, a central longitudinal axis extending 
through the loop opening could be at a small angle rather than parallel to the longitudinal axis of 
the tube 16, preferably less than 45 degrees to maintain the opening substantially in the direction 
of blood flow. 

The formation of the loop stretches the membrane or filtering element to block the flow 
of material. In the membrane or braid, windows can be provided with enlarged openings for 
blood flow, with the membrane or braid blocking flow of materials exceeding the pore size. 
Alternatively, the material can have an open mouth region as illustrated and described above. 

The shorter struts 32 preferably form two looped regions 39 when expanded so the filter 
material stretches in two directions. When slidable wire 22 is retracted in the direction of the 
arrow of Figure 4 so the struts 32 buckle as described above, two looped regions are formed, one 
on one side of the catheter and the second looped wire region on the other side of the catheter, 
preferably about 180 degrees apart as depicted in Figure 5. This double looped configuration 
causes the filter material to be expanded on opposing sides of the tube 16 and preferably 
blocking a 360 degree area. Although two struts 32 are shown, more struts 32 could be provided. 
Also, alternatively a single strut could be provided. 

The second longer struts 34 form four looped regions 41 when expanded since four struts 
34 are provided. When slidable wire 22, is retracted in the direction of the arrow and the struts 
34 buckle as described above, four looped regions are formed, preferably about 90 degrees apart, 
causing filter material to be expanded radically on multiple sides of the tube 16 as illustrated in 
Figure 7 and preferably blocking a 360 degree area. As in the loops of struts 32, the loops 38 
open generally in a direction of blood flow, with the openings in the loop being substantially 
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parallel to the transverse axis of the tube 16, and the loop opening plane being substantially 
perpendicular to the longitudinal axis and transverse to the direction of blood flow. As in loops 
39, the plane of the opening of loop 38 in one embodiment is 90 degrees with respect to the 
longitudinal axis and parallel to the transverse axis. In another embodiment it is offset to form 
an angle of less than 90 degrees, but preferably greater than 45 degrees. Although four loops are 
shown, fewer or greater number of struts could be utilized. 

In the alternate embodiments of Figures 9 and 10, the distal protection device 210 has 
shorter length struts distal of the larger struts. More specifically, referring first to Figure 9, distal 
protection device 210 has two elongated struts 232 positioned distal of elongated struts 234. 
Actuating wire or shaft 222 is pulled proximally to retract collars 242, 240 to expand the 
respective struts 232, 234. Struts 232 buckle first, followed by buckling of longer struts 234. 

Filtering material 250 overlying struts 232 is expanded to a smaller dimension than 
filtering material 260 overlying struts 234. In the alternate embodiment of Figure 10, instead of 
the separate filtering materials, a single filtering material 270 overlies struts 232' and 234' of 
distal protection device 210'. Otherwise the embodiment of Figures 9 and 10 are the same and 
corresponding parts are designated "prime". Alternatively, both sets of struts can begin to buckle 
simultaneously, or the longer struts can begin to buckle first, followed by additional expansion of 
the shorter struts first. The longer struts, however, would not fully expand until the shorter struts 
fully expand. 

In the preferred embodiment, the catheter has a length of about 135 cm to about 300 cm. 
The diameter of the catheter is preferably about .010 inches to about .030 inches and more 
preferably about .018 inches to enable low profile insertion into the vessel. The first capturing 
element 50, when expanded, preferably has a diameter from about 1 mm to about 4 mm. The 
second capturing element 60, when expanded, preferably has a diameter from about 4 mm to 
about 9 mm. 

In use, if the vessel is a smaller size, e.g., 2 mm, only the smaller capturing element 50 
would be deployed. If the vessel is a larger size, after deployment of the first capturing element 
50, the second capturing element 60 would be deployed in the manner described above. 

To withdraw the device 10, the actuating wire 22 is pushed distally to advance collars 40, 
42 to retract the loops as the struts 32, 34 return to their collapsed positions to enable the filter 
material to return to the initial low profile collapsed insertion position. In a preferred 
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embodiment, the filter is made of a material that would return automatically from its stretched 
position to the original collapsed position when the wire 22 is pushed distally. One way this 
could be achieved is by use of the shape memory material with a memorized position in the 
collapsed position. This passive self-contraction would avoid the need for insertion of a separate 
device or sheath over the filter material to cover it for removal, thus reducing the overall profile 
of the instrumentation necessary for the procedure. That is, in the preferred embodiment, the 
wire 22 and thus the struts 32, 34 are expanded by active control while the filter material would 
automatically retract without other assistance. 

In another embodiment, the filter material can be attached to the struts 32, 34 and thereby 
move with the actuating wire 22 between the collapsed and expanded positions. 

Being part of a guidewire, in use, the distal protection devices described herein, can be 
used for initial introduction of a catheter. The distal protection device could also be placed 
within a catheter after the guidewire for introducing the catheter is withdrawn. The catheter can 
then be withdrawn and another catheter, such as a stent delivery catheter, could be inserted over 
the distal protection device. As other catheters can be inserted over the device, it further 
functions as a guidewire. 

Figures 12-13 show the positioning of the distal protection device 10 of the present 
invention in a larger vessel when deployment of the larger struts is desirable. These Figures 
show the device 10 inserted by way of example, as the other devices described herein can be 
inserted and placed in a similar manner. Device 10 of Figure 1 is shown deployed in the carotid 
artery "c". The introducer is inserted through the femoral vein "f ' as shown in Figure 1 2. The 
device 10 is advanced through the femoral vein to the carotid artery "c". Once positioned at the 
desired site, the actuating wire is retracted as described above to deploy both sets of struts 32, 34 
to the looped configuration to expand the filter material 50 and larger filter material 60 to block 
emboli in the artery. 

It should be appreciated that the terms "first and second" as used herein are used for the 
readers' convenience. Also, proximal refers to the region closer to the user and distal to the 
region further from the user, again used for the readers' convenience. 

While the above description contains many specifics, those specifics should not be 
construed as limitations on the scope of the disclosure, but merely as exemplifications of 
preferred embodiments thereof. For example, different filter materials can be utilized such as 
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polymeric material, a composite of a polymeric material and metallic material or metal fibers, an 
elastomeric material, or a composite of elastomeric and metallic material. (Examples of 
polymeric material include polyester, PET, LDPE (low density polyethylene), HDPE; examples 
of elastomeric material include silicon and urethane; examples of metallic materials include 
stainless steel and shape memory Nitinol). Those skilled in the art will envision many other 
possible variations that are within the scope and spirit of the disclosure as defined by the claims 
appended hereto. 
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